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Abstract
Purpose—Examine whether cardiometabolic risk factors are predicted by fitness or fatness
among adolescents.
Methods—Participants are 4955 (2614 female) sixth-grade students with complete data from 42
US middle schools. Fasting blood samples were analyzed for total cholesterol, HDL- and LDL-
cholesterol, triglyceride, glucose, and insulin concentrations. Waist circumference and blood
pressure were assessed. Body mass index (BMI) was categorized as normal weight, overweight, or
obese as a measure of fatness. Fitness was assessed using the multistage shuttle test and was
converted into gender-specific quintiles. Gender-specific regression models, adjusted for race,
pubertal status, and household education, were run to identify whether BMI group predicted risk
factors. Models were repeated with fitness group and both fitness and fatness groups as predictors.
Results—Means for each risk factor (except HDL, which was the reverse) were significantly
higher (P < 0.0001) with increased fatness and differed across all BMI groups (P < 0.001). Waist
circumference, LDL-cholesterol, triglycerides, diastolic blood pressure, and insulin were inversely
associated with fitness (P < 0.001). When both fatness and fitness were included in the model,
BMI was associated (P < 0.001) with almost all cardiometabolic risk factors; fitness was only
associated with waist circumference (both genders), LDL-cholesterol (males), and insulin (both
genders). Other associations between fitness and cardiometabolic risk factors were attenuated after
adjustment for BMI group.
Conclusions—Both fatness and fitness are associated with cardiometabolic risk factors among
sixth-grade youth, but stronger associations were observed for fatness. Although maintaining high
levels of fitness and preventing obesity may positively affect cardiometabolic risk factors, greater
benefit may be obtained from obesity prevention.
Keywords
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Data from the 1999–2002 US National Health and Nutrition Examination Survey indicated
that less than one-third of 12- to 19-yr-old adolescents in the United States met fitness
recommendations (28). Low aerobic fitness levels have been associated with increased risk
for cardiovascular diseases (21) and diabetes mellitus among adults (23). In children and
adolescents, low aerobic fitness has also been associated with cardiometabolic (5) risk
factors (large waist circumference, high blood pressure, and high insulin, glucose, and lipid
levels) (15). Data from 9- and 15-yr-old youths participating in the European Youth Heart
Study indicated that low aerobic fitness was associated with increased waist circumference,
insulin, glucose, and lipid concentrations and a clustered score that included all of the
cardiometabolic risk factors (13). Interestingly, the researchers also found that these
associations were independent of both physical activity (the behavior that influences fitness)
and fatness (13).
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Extensive research has shown that the risk of cardiovascular disease and diabetes among
overweight adults is ameliorated if the adult has a high level of fitness (22,32). For example,
data from the Cooper Clinic in Dallas showed that unfit, lean men had double the risk of
cardiovascular disease and all-cause mortality than lean men who were fit (22). Moreover,
unfit lean men had a higher risk of cardiovascular disease and all-cause mortality than fit but
overweight men (22). These findings suggest that fitness offers a degree of protection
against cardiovascular disease and mortality even if the individual is overweight. Similar
findings have been reported for women (32). Although there is a lack of evidence about the
associations among childhood fitness, adiposity, and mortality, the prevalence of
cardiometabolic risk factors has been shown to increase with higher levels of obesity among
youth (20,31). Higher levels of obesity among children and adolescents have also been
associated with low levels of aerobic fitness (16). Comparable associations among fitness,
adiposity, and cardiometabolic risk factors findings have also been reported among a
relatively small (296 boys and 188 girls) sample of 8- to 18-yr-old US youths (12). It is not
clear if associations are evident for all cardiometabolic risk factors among adolescents.
Understanding the importance of fitness, obesity status, and the prevalence of
cardiometabolic risk factors among adolescents will provide key information to aid the
design of strategies to reduce the prevalence of cardiometabolic risk factors among
adolescents, thereby reducing disease risk.
Boys have higher levels of aerobic fitness than girls (28), with some evidence of ethnic
differences in fitness levels (16). Maturation differences in both fitness (28) and cardio-
metabolic risk factors have also been reported (39). Thus, in examining the associations
among fitness, obesity, and cardiometabolic risk factors, it is important to account for these
biological and sociodemographic factors. It is also important to recognize that the majority
of previous studies that have examined associations between aerobic fitness and cardio-
metabolic risk factors among youth have reported fitness in relation to body mass (mL
O2·kg–1·min–1 or W·kg–1) (4,30), which precludes the necessary examination of the
independent effects of fitness and fatness. In light of the evidence presented above, the aim
of this article was to examine the extent to which fitness and obesity status are
independently associated with cardiometabolic risk factors among a large, ethnically diverse
sample of sixth-grade US adolescents.
METHODS
Sample
Data were collected as part of the baseline assessment of the HEALTHY Study, a National
Institute of Diabetes and Digestive and Kidney Diseases multisite study designed to reduce
the prevalence of risk factors for type 2 diabetes mellitus among middle school children
(7,18). Data were collected at seven field centers (Baylor College of Medicine, Houston,
TX; Oregon Health & Science University, Portland, OR; University of California at Irvine,
Irvine, CA; Temple University, Philadelphia, PA; University of North Carolina at Chapel
Hill, Chapel Hill, NC; University of Pittsburgh, Pittsburgh, PA; and University of Texas
Health Science Center at San Antonio, San Antonio, TX), with a coordinating center in
Washington, DC (George Washington University Biostatistics Center). Participants were
recruited from 42 middle schools, 6 per field center. Schools were required to have at least
50% of students eligible for free or reduced-price lunch or belonging to a minority group
and an annual student attrition rate from all causes ≤25%. All sixth-grade students were
invited to participate in a “health screening.” Students were given a $50 incentive for data
collection. This study was approved by the institutional review boards at each field center,
and written informed parental consent and child assent were obtained.
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Measurements were conducted by personnel who were trained and certified in recording
height, weight, and waist circumference accurately. Height and body mass were measured
without shoes using the Prospective Enterprises PE-AIM-101 stadiometer and the SECA
Corporation Alpha 882 electronic scale. Body mass index (BMI; kg·m–2), which provides an
index of overweight or obesity, was calculated and, for the purposes of this article, was
interpreted as an indicator of “fatness.” Waist circumference was taken using a Gulick tape
measure (G-tape) with a tension device on bare skin measured just above the iliac crest.
Blood pressure was recorded three times using an automated blood pressure monitor
(HEM-907XL; Omron, Vernon Hills, IL). The initial value was recorded after the
participant had been seated quietly for 5 min with each subsequent value recorded 1 min
after the preceding recording. An appropriate size cuff was used for all participants. The
mean of the second and third recordings was used in all subsequent analyses.
Pubertal status was self-reported individually in private using the Pubertal Development
Scale (29) and was converted to pubertal stage groups that are consistent with the five
pubertal stages that have been outlined by Tanner (33). Ethnicity and race were collected by
student self-report in response to two separate items. Frequently, this age group did not
understand the distinction between ethnicity and race, and the information from both items
was combined and categorized as follows: anyone checking “Hispanic or Latino” ethnicity
was classified as Hispanic, non-Hispanics choosing only “black or African American” race
were classified as black, non-Hispanics choosing only “white” race were white, and all other
response categories were combined into “other.” A parent or guardian completed a
questionnaire providing the highest level of education in the household. On the basis of
these responses, the highest household education level was classified as low (less than high
school or some high school), middle (high school graduate or some college or specialized
training), or high (college or university graduate or postgraduate training or degree).
Fitness was assessed using the 20-m shuttle test (20-MST) (24,25), most frequently during a
physical education class. The test required students to run back and forth between two lines
set 20 m apart. The running pace was determined by audio signals emitted from a pre-
recorded CD. The test started at 8.5 km·h–1 and increased by 0.5 km·h–1 with each
subsequent level. The test was completed when the participant was not able to complete the
distance at the stipulated pace on two laps. A score for the test was based on the number of
laps completed, and for the reasons outlined above, this score was not adjusted for body
mass.
Participants were called the night before data collection to remind them not to eat or drink
anything but water after midnight and were asked at the beginning of the blood screening
when they last ate. Participants who reported eating after midnight were considered
nonfasting and asked to return another day. Experienced pediatric phlebotomists obtained
fasting blood samples that were processed and then shipped to the central blood laboratory
at the University of Washington Northwest Lipid Research Laboratories for all analyses.
Analyses of glucose were performed on a Roche P module autoanalyzer by the hexokinase
method using reagent from Roche Diagnostics (Indianapolis, IN). Insulin was measured by a
two-site immunoenzymometric assay performed using a Tosoh 1800 autoanalyzer (Tosoh
Biosciences Inc., San Francisco, CA). The assay sensitivity level was 2.0 μU·mL–1, with
interassay and intra-assay coefficients of variation <10%. The assay had a high specificity as
cross-reactivity with human C-peptide and pro-insulin was 0% and 2%, respectively.
Measurements of total plasma cholesterol, cholesterol in the lipoprotein fractions, and
triglycerides were performed enzymatically on the Roche Modular-P autoanalyzer using
methods standardized to the Centers for Disease Control and Prevention reference methods
(37). Determination of HDL-cholesterol was performed after precipitation of apolipoprotein
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B–containing particles by dextran sulfate Mg2+. LDL-cholesterol was calculated using the
equation of Fridewald et al. (14). This approach for calculating LDL is clinically reliable if
the measurements of total and HDL-cholesterol are performed with a high level of accuracy
and triglycerides are <400 mg·dL–1 (38). In the case of elevated triglycerides, a complete
lipoprotein separation by ultracentrifugation, which allows quantization of the individual
lipoprotein classes, was performed using the Lipid Research Clinics Beta Quantification
procedure (17). The interassay coefficients of variations are consistently <1.5% for total
cholesterol and triglycerides and <2% for HDL-cholesterol.
Statistical analysis
A total of 6358 sixth-grade students participated in the HEALTHY Study at baseline. Of
these participants, 5394 had complete data for anthropometric assessments, blood values,
20-MST, pubertal stage survey, and parental or guardian report of highest level of household
education. However, 439 of these participants reported other or mixed race and were
dropped from all analysis because the results for this ethnic group are too heterogeneous to
interpret. Therefore, analyses are presented for the remaining 4955 participants (2614
females). Pubertal data were collapsed into three groups, prepubertal (stage 1), early
pubertal (stages 2 and 3), and pubertal (stages 4 and 5).
Descriptive statistics with means and SE for continuous measures and frequency distribution
for categorical variables are presented in Table 1, both overall and by gender for the
complete sample listed above. Fitness category was determined by quintiles on the basis of
the number of laps for both genders, which are inexact because of ties. BMI percentile by
age and gender was calculated using the Centers for Disease Control and Prevention 2000
criteria (8,9). Youth with BMI ≥85th but <95th percentile were classified as overweight, and
those with BMI ≥95th percentile were classified as obese (1). In this study, the three-level
BMI-based obesity status is used as a proxy of fatness.
Separate regression models were fitted for each continuous cardiometabolic risk factor using
the PROC GLIMMIX procedure with either fitness or BMI group as an exposure measure.
To adjust for the clustering of participants within schools, a random effect for school was
included in the models. Because one-way ANOVA tests indicated that there were gender
differences for both fitness (P < 0.0001) and BMI categories (P < 0.0013), models were run
separately for males and females. All models were adjusted for pubertal stage group, race,
and household education. Adjusted least-square means and 95% confidence intervals were
obtained from the model, with the overall P values for a test of group differences (Tables 2
and 3). Where there were statistically significant group differences (P < 0.01), pairwise
comparisons were carried out to determine which differences between categories were
statistically significant. To account for multiple testing, Bonferroni P value adjustments
were performed for all pairwise comparisons.
Models including both BMI and fitness categories were fitted to examine whether their
concurrent relationships with each cardiometabolic risk factor changed from the initial sets
of models where BMI and fitness categories were entered into the model separately (Table
4). The models were adjusted for pubertal stage group, race, and household education. To
aid in the interpretation of each model, overall F test statistic values are presented (Table 4).
As another measure of model fit, the Akaike Information Criterion (AIC) is also presented
(Table 4). The AIC is AIC = 2k – 2ln(L), where k is the number of parameters in the
statistical model and L is the maximized value of the likelihood function for the estimated
model. The AIC is not a test on the model in the sense of hypothesis testing; rather, it is a
tool for model selection. Given a data set, competing models may be ranked according to
their AIC. In terms of interpretation, the model with the lowest AIC provides the best model
fit (6).
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Further analyses were also conducted using BMI percentile and number of laps as
continuous variables instead of the categorical approach reported above; however, as similar
results were observed for these models, findings are not reported here. The data presented
here are from the baseline data collection of a cluster-randomized controlled trial in which
the effect of a multicomponent intervention is being tested to prevent risk factors for type 2
diabetes. Therefore, although to take account of the multiple tests performed α was set at
0.01, all P values reported within this article represent exploratory findings because the
study was powered to test the effect of the intervention on the final primary outcomes only.
All analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC).
RESULTS
As shown in Table 1, the sample that was included in the analysis was 58.6% Hispanic,
20.8% black, and 20.7% white and included a spread of pubertal stages and socioeconomic
groups (Table 1). A little more than half (50.6%) of the participants were normal weight
(BMI <85th percentile) with 30.0% obese (BMI ≥95th percentile). One-way ANOVA tests
indicated that there were gender differences for both fitness (P < 0.0001) and BMI
categories (P < 0.0013), with higher levels of obesity among the males and lower levels of
fitness among the girls. The distribution of fitness laps and the associated quintile thresholds
are presented separately for males and females in Figure 1. There was an approximately
even distribution of girls (631, 554, 385, 573, and 471) and boys (560, 438, 433, 458, and
452) within each quintile, with the slight variations in quintile size because of ties in the
number of laps. The gender-specific fitness quintiles were as follows: level 1 = 0–11 laps for
both males and females, level 2 = 12–16 laps for males and 12–15 laps for females, level 3 =
17–24 laps for males and 16–18 laps for females, level 4 = 25–35 laps for males and 19–26
laps for females, and level 5 = 36–89 laps for males and 27–74 laps for females.
Means and 95% confidence intervals for each of the cardiometabolic risk factors are
presented for BMI groups for both genders in Table 2. The mean values for each risk factor
(except HDL which was the reverse) increased across the obesity groups (P < 0.001), with
values highest for the obese group (BMI ≥95th percentile) and lowest for the normal weight
group (BMI <85th percentile). Follow-up tests indicated that waist circumference, HDL-
cholesterol, triglycerides, diastolic blood pressure, and insulin were different among each of
the three BMI groups for both genders.
Means and 95% confidence intervals for each of the cardiometabolic risk factors are
presented stratified by gender-specific fitness quintiles for both genders in Table 3. Waist
circumference, LDL-cholesterol, triglycerides, diastolic blood pressure, and insulin were all
inversely associated with fitness quintiles, with higher levels of fitness associated with lower
risk factor means in both boys and girls. HDL-cholesterol levels were positively associated
with fitness quintiles in both boys and girls, with higher levels of HDL associated with
higher quintiles of fitness. Fitness quintiles were not associated with girls’ total cholesterol
or the systolic blood pressure and with glucose levels of either gender. Follow-up tests
indicated that, with the exception of male waist circumference, there were no significant
differences between the cardiometabolic risk factor levels of all quintiles. For example, for
girls’ LDL-cholesterol, there was only a significant difference between the lowest and top
two highest quintiles of fitness. Moreover, only waist circumference and insulin were
significantly different between the first and second quintiles of fitness. Similarly, very few
of the comparisons between adjacent fitness quintiles (e.g., 2 vs 3) were significant for most
of the cardiometabolic risk factors. Collectively, these findings demonstrate a pattern
whereby, although cardio-metabolic risk factors differed by quintiles of fitness, differences
tended to be statistically significant only when nonadjacent groups with greater differences
in fitness levels were compared.
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Table 4 presents a comparison of models when BMI group, fitness group, or both BMI
group and fitness group were included in models to predict cardiometabolic risk factors.
When both BMI group and fitness were included in the model together, BMI group was a
significant predictor of all cardiometabolic risk factors except girls’ total cholesterol. In the
same models, fitness was associated only with waist circumference (both genders), LDL-
cholesterol (males), systolic blood pressure (males), and insulin (both genders). Models that
included BMI alone or both fitness and BMI had lower AIC values than models that just
included fitness. In four models, AIC did not improve with the addition of fitness to models
that included BMI; these models were HDL in males, triglycerides in males, triglycerides in
females, and glucose in females. Because lower AIC values indicate improved model fit, the
analyses demonstrate that, in all instances, including both BMI group and fitness quintiles in
the analysis improved the prediction of cardiometabolic risk factors.
DISCUSSION
The data presented in this article revealed that both fitness and fatness were associated with
cardiometabolic risk factors among a large, ethnically diverse sample of US sixth-grade
students. Post hoc tests indicated with a few exceptions that there were significant
differences in cardiometabolic risk factor levels between each of the three BMI groups, but
fitness-based differences tended to be significant only when non-adjacent fitness groups
were compared. It is also important to highlight that several associations between fitness and
cardiometabolic risk factors were attenuated after adjustment for fatness, indicating that
fatness is likely to be the more dominant predictor of cardiometabolic risk factors at this age.
These findings are consistent with several previous childhood studies (10,11) including a
recent article that reported that fatness was a stronger predictor of cardiometabolic risk
factors than fitness among a cohort white and African American youth from North Carolina
(27). The data presented here extend those findings by demonstrating in a unique, ethnically
diverse cohort of adolescents recruited from across the United States that fatness is a
stronger predictor of cardiometabolic risk factors than fitness among youth. The data also
show that although cardiometabolic risk levels increased with each BMI group, the fitness
differences tended to only be evident when nonsequential fitness quintiles were compared.
Similar findings have also been observed in data from the Aerobics Center Longitudinal
Study, where the differences in metabolic risk score were accounted for by BMI levels but
not by fitness in males aged 8–18 yr (12). Collectively, these findings indicate that, whereas
preventing weight gain and improving fitness are both likely to be helpful in maintaining
lower levels of cardiometabolic risk factors among youth, greater emphasis on obesity
prevention is warranted.
Comparison of the data presented in this study and published adult studies suggests that the
importance of fitness changes with age and the development of lifestyle diseases such as
type 2 diabetes. The Look Ahead study of overweight or obese adults with type 2 diabetes
reported that, among females, fitness was a significant predictor of triglycerides but BMI
was not and that only fitness predicted the Framingham risk factor scores for both genders
(41). Comparison of the studies might suggests that, among a disease-free sample of young
adolescents, fatness is more closely associated with cardiometabolic risk factors than aerobic
fitness, but associations may change with the development of obesity and type 2 diabetes
mellitus. Fat cell size increases during obesity and is likely to have a direct effect on
pathophysiology and, therefore, also risk factor profile. Because fitness is heavily influenced
by genetic factors (3), it may take a while for the well-established associations between adult
fitness and cardiometabolic risk factors and mortality risk to develop, only becoming evident
in adulthood (22,32). It is, however, important to acknowledge that, in the present study,
only 0.2% males and 2.5% females would be categorized as above average fitness using the
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FITNESSGRAM cutoff criteria (40). Therefore, to assess associations with a range of
fitness levels, we created gender-specific fitness quintiles instead of using the dichotomous
FITNESSGRAM criteria in our analysis. This approach limits our ability to draw
conclusions about “fit” versus “unfit” adolescents. In addition, the low levels of fitness and
the lack of highly fit adolescents could have attenuated the relationship between fitness and
the cardiometabolic risk factors.
Consistent with previous studies, the girls in this study had lower levels of fitness than boys
(19,34). Therefore, although the associations between fitness and cardiometabolic risk
reported here suggest a need to develop interventions aimed at maintaining adolescent
fitness, there is a particular need to develop strategies to increase girls’ fitness. This is
particularly important because low levels of fitness track into adulthood (35), thus increasing
the importance that children, especially girls, develop habits to promote and maintain fitness
that will benefit them later in life.
Strengths and limitations
This study has extended the current literature base by providing new information about the
associations among fitness, obesity, and cardiometabolic risk factors among a large,
ethnically diverse sample of sixth-grade youth. This study does, however, have some
limitations that need to be recognized. Although the 20-MST has been strongly associated (r
= 0.69–0.96) (2,26,36) with aerobic fitness in laboratory tests, the 20-MST does not directly
measure aerobic fitness. Validity of estimated aerobic fitness is largely influenced by levels
of maximal exertion or motivation of participants. Therefore, 20-MST only provides an
estimate of fitness. The study is also limited by the single age group, which precludes an
assessment of age or maturation-related differences in associations. It is also important to
recognize that although a validated scale was used, pubertal stage was self-reported by the
participants and could therefore be prone to a degree of measurement error. Finally, because
the study is cross-sectional, it is not possible to identify directions of associations or
causation between variables of interest.
In conclusion, the data presented in this article have shown that, among a large, ethnically
diverse cohort of US youth, both fatness and fitness are associated with cardiometabolic risk
factors. Associations were, however, stronger for fatness than fitness, and several fitness
associations were attenuated after controlling for fatness. Results, therefore, suggest that
although maintaining high levels of fitness and preventing obesity may positively affect
cardiometabolic risk factors, the greater benefit may be obtained from obesity prevention,
and there is a need to redouble efforts in this area.
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Fitness and quintile break points for males and female adolescents in the HEALTHY Study.
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